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Curvature Dependent Reactivity 


« Example: Hydrogenation of Fullerenes and Nanotubes 



-1.54 eV -4 50 eV -123eV -3.18 eV 

o External Surface : Nucleophilic 
Internal Surface : Electrophilic 

* Chemical reactivity s a function of the curvature of fullerene. 
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Depedence on PyramidalizationAngle ? 

o The Chemical Reactivity of Fullerene 

<4 The pyramidalization. 

0 Pyramidalization 


» Between sp 1 and sp 3 

0 Between sp 3 and sp 3 
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9 Pyramidal angle {6 p ) = 9^ - jV2 
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Example: Reaction on Surfaces 


9 Hydrogenation of graphene sheet and FuNerenes 


Externa) Chemical Reaction on FuUerene 



H on Graphite 
E = —4.50 eV 
9 * 12.95* (0.226) 
9, = 0.0- (0.0) 



H on C — 

E *-3.18 eV 
9 f » 20.56* (0.359) 
9 % = ? (0.22) 


Total reaction energy 
1. Straining the bonds. (+d£) 

) 

Strain Energy 

2. Breaking « bonds. {+ AE) 

3. Reacting with external reactant (X) 

Binding Energy 

in given structure. (* AE) 
4. Global relaxations (- AE) 

^ 

Temporally ignored 


Chemical reactivity difference * Strain energy difference 


Strain Energy Contribution to Reaction 


Need a new title for this slide 


9 Fix alt the carbon atoms, pull only one carbon up and calculate the 
energy difference 

1. Elastic Strain Energy 

15 Graphite A 2. Independent of 

&N4ra'uM / External Reactant 
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3. 9 # shin 

4. & 9 increase =» stiffer 


9 The relation with the pyramidal angle ( 6 p ) 

|tt) = >12 tan(0 f )| s) + ^1 - 2 tan * (0, ) | p) 

9 Binding energy with external reactant X 

= V2 lan(0„ ) £„ + Jl - 2 tan " «?, ) E„ * E . ^ (9„ ) 
where E u = > and E = <X\Hfy> 


9 £„ and E ft depends only on external reactant X. 
















Binding Energy Dependence on Pyramidal Angle 


Total Reaction Energy Estimation 


^ Hydrogen b used as the point probe. 

00 02 0 4 os a* 


I. £„ = -5.34eV 
E a ~ -1.71 eV 

-0.1 eV - -0.3 eV 

3. Independent of 6^ 

4. Almost linear in 
small 0. 


o Total reaction energy = Minimum (strain energy + binding energy) 
O Small Errors (- 0.1 eV) from ignoring global relaxation 

Formation Energy Comparison with Full Relaxation Results 


Pyramidal Angle ( 

laitiaj Value 

Estimated Value 

Full Relaxation 

0000 

0220 

0 22* 


i The fore ei arc relaxed up lo the first nearest neighbor* 


External Chemical Reactivity (Conclusions?) 


Internal Reaction 


4 0 # (initial pyramidal angle) 


Strain Energy curve shift 0 # 

Binding Energy curve shift < - 0.3 eV 


O Binding Energy curve - almost linear 
d f = 0 r> + 0, - 5 (stiffness change) 

d Total reaction energy changing by B„ 
Strain energy effect <0.1 eV 
Binding energy effect - 0„ eV 
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O Less Reactive than External Reaction 4 — Less Electron Density 

O Total reaction energy 


1. Straining the bonds. (+ AE) 


2. Breaking it bonds. (+ AE) 

Same as External 

3. Reacting with external reactant (X) 

Chemical Reaction 

in given structure. (• AE) 


4. Global relaxations (- AE) 

J 


5. Weak bonds with neighbor 

Difference from 

carbon atoms. (- AE) * External Reaction 






































H @ C„ and H @ C u 




Internal Chemical Reactivity 




Formation Energy 

Wall Hexagon 


Top Hexagon 
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-0.85 


9 

(6,6) Bond 

-0 81 
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Center 

-0 99 
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The other sites are unstable. 

Top Hexagon 


%& 



r The portion of * stale decreases (+ AE) 

• As 9, increases 

n bond breaking energy decreases (• SE) 


<. Global Interaction increases (• AE) 

o Two negative effect and one positive effect combined. 
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